Abstract There is debate in the crossmodal cueing literature as to whether capture of visual attention by means of sound is a fully automatic process. Recent studies show that when visual attention is endogenously focused sound still captures attention. The current study investigated whether there is interaction between exogenous auditory and visual capture. Participants preformed an orthogonal cueing task, in which, the visual target was preceded by both a peripheral visual and auditory cue. When both cues were presented at chance level, visual and auditory capture was observed. However, when the validity of the visual cue was increased to 80% only visual capture and no auditory capture was observed. Furthermore, a highly predictive (80% valid) auditory cue was not able to prevent visual capture. These results demonstrate that crossmodal auditory capture does not occur when a competing predictive visual event is presented and is therefore not a fully automatic process.
Introduction
It is well known that our attention may be captured by sudden visual or auditory events even when they are irrelevant for our current task. When hearing a sound or seeing a Xash, we have the tendency to direct our gaze to the location of the visual or auditory event. This enables us to respond more accurately and more quickly to events that occur at that location (Posner et al. 1980 ). This bottom-up or exogenous capture of attention can occur in an overt manner by making eye movements (Theeuwes et al. 1998) or in a covert manner without making eye movements (Theeuwes 1994) . Within the visual domain, exogenous capture of covert attention is most often studied by means of a cueing task, in which, a localizable onset is presented at a valid or invalid target location prior to the presentation of the target. People respond faster and more accurate to validly cued targets than to invalidly cued targets. Importantly, this cueing eVect occurs when the cue is valid at chance level, which indicates that it is an automatic process (e.g. Jonides 1981; Yantis and Jonides 1984) . Previous research shows similar cueing eVects in modalities other than vision, such as the tactile (Posner 1978; Spence and McGlone 2001) and auditory domains (Spence and Driver 1994) .
Exogenous cueing eVects are also known to occur across modalities. In a seminal study by Spence and Driver (1997) , participants had to perform a cueing task, in which, they made an elevation judgment regarding auditory or visual targets presented to the left or right of Wxation. For the elevation judgment task, the target was presented either at an "up" location above the vertical meridian or at a "down" location below the vertical meridian. This resulted in a total of four target locations with two (up and down) on each side of Wxation. Cues were presented along the vertical meridian between the up and down locations on the left or right side. Therefore, only the side at which the target was presented was cued, but not its exact location. This task has become known as the orthogonal cueing task because the response dimension (up or down) is orthogonal to the cue dimension (left or right). This has the beneWt that possible response priming eVects are canceled out. In Spence and Driver's (1997) study, the auditory target stimuli were generated by loudspeakers, and the visual target stimuli were generated by LED's mounted directly in front of these loudspeakers. The side at which the target could be presented was cued at chance level by either a visual or an auditory event. Results showed unimodal cueing eVects in both visual and auditory domains and a crossmodal cueing eVect when a visual target was preceded by an auditory cue.
An important question to address is whether attentional capture by sound as shown by crossmodal cueing is truly automatic. In order for auditory capture to be considered an automatic process, it should not be aVected by top-down control (Posner 1978; Jonides 1981; Yantis and Jonides 1990) . It is known that one can direct attention in a topdown (or endogenous) way to a location in space (Posner et al. 1980; Broadbent 1982) . In a typical paradigm, a centrally presented arrow points to the likely target location with a high probability (e.g. 80%). Similar to exogenous cueing, endogenous cueing eVects show faster responses to validly cued target locations than to invalidly cued target locations. The question whether auditory capture is sensitive to any top-down settings is addressed by several recent studies (van der Lubbe and Postma 2005; Mazza et al. 2007; Santangelo and Spence 2007; Koelewijn et al. 2009 ).
Van der Lubbe and Postma (2005) used a combination of endogenous and exogenous cues to investigate whether top-down control could aVect attentional capture. In their study, participants performed a variation of the orthogonal cueing task, in which they had to indicate whether an arrowhead presented to the left or to the right of Wxation was pointing up or down. The exogenous cue consisted of either a visual or an auditory onset and was presented 200 ms before the target (i.e. the arrowhead). Eight hundred milliseconds prior to this, cue an endogenous central cue consisting of an arrow indicated the target location with 100% validity. Note that, in this study, only elevation judgments of visual targets were made. The results showed that even though the target location was known in advance, exogenous cueing eVects still occurred both in the unimodal condition and in the crossmodal condition. A recent study by Mazza et al. (2007) showed similar results. In this study, a similar design to that of Spence and Driver (1997) was used with the exception that the side at which the target would be presented was blocked. Therefore, participants knew where the target would appear and could keep their attention endogenously focused on one of the sides during an entire block. In line with the results of Van der Lubbe and Postma (2005) , Mazza et al. (2007) found an auditory cueing eVect on a visual target even though the target side was known to the participant. Finally, Koelewijn et al. (2009) also showed that auditory crossmodal cueing eVects occur during focused visual attention. In this study, participants performed an orthogonal cueing task in which each trial started with an endogenous cue in the form of a centrally presented arrowhead indicating the side at which the target would be presented. In Experiment 4, this arrowhead was 100% valid and placeholders indicated the possible target locations during the entire trial. In addition to the standard spatial cues, a spatially neutral auditory cue was introduced. This neutral cue had the same temporal onset as the spatial cues but was spatially diVuse. Compared to this neutral baseline condition, the results showed attentional capture by sound in the form of costs when the auditory cue was presented at the invalid location. However, no beneWts were found when the target location was validly cued.
So far, several studies have demonstrated that top-down control of attention does not aVect auditory capture (van der Lubbe and Postma 2005; Mazza et al. 2007; Koelewijn et al. 2009 ). However, no study has addressed whether auditory capture can be aVected by bottom-up processes. The current study investigated auditory capture when at the same time a visual event was presented. From studies on visual search (Desimone and Duncan 1995) , it is known that competing visual events share attentional resources. The more events are shown the less salient individual events become, in which, case less attention is drawn to each individual event. The present study addressed whether the bottom-up salience of a visual and auditory event is aVected when these are presented at the same time.
There are previous studies that have used bimodal exogenous cues to investigate crossmodal integration (e.g. Ward 1994; Santangelo et al. 2006) . Santangelo et al. 2006 investigated whether a bimodal audiovisual cue shows a superadditive eVect in respect to the unimodal visual and auditory cueing eVects. A super-additive eVect for the bimodal cue would indicate crossmodal integration. In an orthogonal cueing task, visual, auditory, or bimodal audiovisual cues were presented prior to the presentation of a visual target. The results show similar eVects sizes for the visual, auditory, and bimodal audiovisual cues, which indicates that crossmodal integration is not reXected by cueing eVects. Similar results were obtained in later studies (e.g. Santangelo et al. 2008b ) that show electrophysiological but no behavioral integration eVects. In the bimodal condition of the Santangelo et al. 2006 study, both the visual and the auditory cue were always presented at the same location and never at opposite locations. Therefore, these results do not reveal how each individual cue contributes to the overall bimodal cueing eVect. In order to show these individual contributions, the validity of each cue should be manipulated individually. Such an experiment was performed by Ward (1994) but his results are inconclusive because the paradigm used failed to show crossmodal auditory capture when unimodal auditory cues were presented. By investigating whether the individual contributions of visual and auditory exogenous cues interact, we will learn more about the automaticity of auditory capture.
In Experiment 1, we tested how nonpredictive peripheral auditory and visual cues interact with one another and how they each inXuence performance in a visual spatial discrimination task. In Experiments 2 and 3, the validity of the visual or auditory cue, respectively, was raised to 80%. We wanted to determine how this top-down bias would inXuence the competition between the auditory and visual events over attentional resources. We hypothesized that it should be possible to prevent auditory capture of visual attention by presenting competing visual events.
Experiment 1
The paradigm used in this experiment was similar to the orthogonal cueing task used by Spence and Driver (1997) . However, only elevation judgments of visual targets were made and both unimodal and bimodal cues were used. We used a within subject design consisting of experimental and control conditions. In the unimodal control conditions, both types of cues were presented separately and in the bimodal experimental conditions, auditory and visual cues were presented together. In the experimental conditions, the visual and auditory cues appeared simultaneously at the same or at opposite locations. The visual cues and targets were presented on a computer screen instead of using LED's. The loudspeakers that generated the auditory cues were located to the left and right of the computer screen.
Methods

Participants
Ten students of the Vrije Universiteit Amsterdam (3 male, mean age 21.0, age between 18 and 26) participated in the experiment. All had normal or corrected-to-normal vision and normal hearing. Participants were informed beforehand about the experimental procedure and were naïve as to the purpose of the experiment.
Apparatus and design
Participants were seated in a dimly lit room at approximately 80 cm distance from the computer screen (17 inch, 120 Hz). The experiment was run in E-Prime 1.2 (1.2.1.847). The loudspeakers were placed at an angle of 18.3° from Wxation and were aligned to the vertical middle of the screen. In the control conditions, either a visual or an auditory cue was presented that was either valid or invalid with respect to the target location. This resulted in four conditions. The cues were presented 150 ms prior to the onset of the target. The control conditions were presented in 9 blocks containing 16 trials each. The Wrst block was for practice purposes only, which resulted in 32 trials for each of the control conditions. In the bimodal experimental conditions, both a visual and an auditory cue were presented 150 ms prior to the onset of the target. There were four conditions, in which, the validity of the cueing side was manipulated independently for the visual and auditory cues. The experiment consisted of 9 blocks containing 16 trials each. The Wrst block was a practice block so that 32 trials for each of the experimental conditions remained. Participants performed both the control and the experimental conditions in two separate blocks and the order of these blocks was counterbalanced over participants. Figure 1 gives an example of a typical trial. At the beginning, a white Wxation dot (diameter 0.2°) appeared on a black background and stayed on screen until a response was made. Participants were instructed to Wxate this dot during the entire trial and to refrain from making eye movements. After a random delay time of 900-1,150 ms, the auditory and visual cue were presented. In the control conditions, this was either an auditory or a visual cue. In the experimental conditions, both an auditory and a visual cue were presented. After an SOA of 150 ms, the target appeared. The auditory cue consisting of a white noise burst that was presented for 100 ms. This cue was equiprobably presented from the left or right loudspeaker and was valid or invalid with respect to the target location. The visual cue consisted of a dark gray horizontal bar (width 0.6° and height 0.2°) presented at 11.7° left or right of Wxation and was valid or invalid with respect to the target location. To prevent attention from being drawn to its oVset (Theeuwes 1991) , the visual cue remained on screen until a response was made. The auditory cue was switched oV because there is no evidence that auditory oVsets are able to draw attention.
Procedure and stimuli
The visual target consisted of a white dot (diameter 0.2°) that was presented for 140 ms. During the entire trial, placeholders were displayed on both sides of the screen indicating the possible target locations. This allowed participants to focus their attention to a predeWned location. The placeholders were thin light gray lined squares with a width and height of 1.3° that indicated the area in which targets could appear. On each side of the screen, two connecting placeholders were shown-one for targets displayed above the vertical meridian of the screen, and the other for targets below the vertical meridian. The horizontal centre of the squares was separated by an angle of 10.5° from the centre of the screen. The two target locations at each side were positioned above each other on average 0.6° above and below the vertical meridian of the screen. The exact location was varied by placing the targets randomly within a range of 0.3° from the centre of the placeholder. The target appeared at one of the four locations at chance level.
The participants' task was to report in a speeded but accurate fashion whether the target appeared above or below the vertical meridian of the screen. They did this using the number pad of a QWERTY keyboard, by pressing the numbers 8 or 2 with their right and left index Wnger, respectively. Because of the task's orthogonal design, there was no need to balance out for possible motor response eVects. Responses had to be made within a time window of 2,000 ms after target onset. After the response, participants received feedback when they had made an error-the Wxation dot then turned red for 150 ms. After each trial, an interval of 850 ms followed before starting the next trial. Following each block, participants received further feedback in the form of a percentage correct score and a mean reaction time. At the beginning of the experiment, participants were told that both auditory and visual cues would provide no information about the location of the targets and therefore could be ignored.
Results
Control conditions
For each subject, the average score and its standard deviation were calculated for each condition over all data.
Reaction times above or below average by 2.5 times their standard deviation were considered to be outliers (in total 2.1%) and were removed from further analysis. This method of determining outliers was used for all data analyses in this study. For the remaining trials, mean reaction times for the correct response trials (95.8%) were calculated for each condition. An overview of the mean reaction times, their standard deviations, and the mean error scores, for each condition and for all experiments, is shown in Table 1 . An ANOVA was performed on RT with cue validity (valid and invalid) and cue modality (auditory and visual) as factors. The outcome revealed a signiWcant eVect for cue validity [F(1,9) = 15.077, MSE = 552.058, p < 0.005] and for cue modality [F(1,9) = 14.152, MSE = 1161.858, p < 0.005]. In addition, the results show an interaction between cue validity and cue modality [F(1,9) = 10.560, MSE = 228.969, p < 0.05] indicating a stronger cueing eVect for visual cues than for auditory cues. Two pairwise two-tailed t tests for the separate cue modalities were conducted. These results show a cueing eVect for both the visual (p = 0.004) and auditory (p = 0.018) cues.
A similar ANOVA conducted on error data revealed no eVect, which indicates that there was no speed accuracy tradeoV. A similar ANOVA conducted on error data revealed a trend for visual cueing [F(1,9) = 4.506, MSE = 0.007, p = 0.063] indicating that participants made more errors on invalid visual cueing trials (14.2%) than on valid trials (9.1%). The error data indicates that there was no speed accuracy tradeoV.
Cueing eVects
Two paired sample t test were conducted to test for possible size diVerences of auditory and visual cueing eVects between the control and experimental conditions. No diVerence between the unimodal auditory cueing eVect and the experimental auditory main cueing eVect (t < 1), and between the unimodal visual cueing eVect and the experimental visual main cueing eVect (t < 1) were observed.
Discussion
The results show auditory as well as visual exogenous cueing eVects in both the unimodal control conditions and the bimodal experimental conditions. In addition, no diVerences in cueing eVect size between the control and experimental conditions were observed. This indicated that the overall bimodal cueing eVect is additive and made up of the summation of visual and auditory cueing eVects. The current results indicate that auditory capture is not aVected by a competing exogenous visual cue. Earlier studies (van der Lubbe and Postma 2005; Mazza et al. 2007; Koelewijn et al. 2009) show that auditory capture is not aVected by top-down control. The current results suggest that the same holds for bottom-up competition. Overall, these outcomes seem to indicate that auditory capture is an automatic process not aVected by other competing processes.
Note, however, that this conclusion is inconsistent with that of Santangelo and Spence (2008) who showed no auditory capture when attention was endogenously focused by an RSVP stream. In their study, participants performed an RSVP task at the center of the display while exogenous cues were presented in the periphery. In other studies (van der Lubbe and Postma 2005; Mazza et al. 2007; Koelewijn et al. 2009 ), information about the upcoming target location was presented prior to the presentation of both cue and target. For example, the central arrowheads in (van der Lubbe and Postma 2005; Koelewijn et al. 2009 ) pointed towards the target location before the target was presented. Therefore, from trial to trial, participants had to endogenously refocus their attention at the start of each trial, and were required to maintain their attention focused on the target location during a trial. The RSVP stream used by Santangelo and Spence (2008) contained most targets and was therefore inevitably presented at the most valid target location so that participants could keep their attention focused at the centre during the entire block. It could be that it is harder to disengage attention from stimuli presented at the same location as the target than from a target location indicated symbolically by means of an arrowhead. To test this assumption, in Experiment 2, predictive peripheral visual cues were presented at the same time as the exogenous auditory cues.
Experiment 2
Experiment 1 demonstrated that auditory capture still occurs when a nonpredictive visual cue is presented at the same time as the auditory cue. In Experiment 2, we investigated whether making the visual cue predictive would aVect capture by the auditory cue. The validity of the visual cue was set at 80% while the validity of the auditory cue remained at chance level. Again, we used a within-subject design with bimodal experimental and unimodal control conditions.
Methods
Participants
Ten new students of the Vrije Universiteit Amsterdam (4 male, mean age 21.4, age between 16 and 30) participated in the experiment. All had normal or corrected-to-normal vision and normal hearing. Participants were informed beforehand about the experimental procedure and were naïve as to the purpose of the experiment.
Apparatus and design
The setup and design were basically identical to the one used in Experiment 1. However, this time, the visual cue was valid in 80% of the trials. The control conditions were presented in 9 blocks containing 28 trials each and the Wrst block was for practice purposes. The visual cue was presented in 160 trials; in 128 trials it was valid and in the remaining 32 trials invalid. The auditory cue was presented in 64 trials and was valid in 50% of the trials. The experimental conditions were presented in 9 blocks containing 40 trials each and also here the Wrst block was for practice purposes. The 2 visual valid conditions (visual valid-auditory valid, visual valid-auditory invalid) consisted of 128 trials each, and the 2 visual invalid conditions (visual invalidauditory valid, visual invalid-auditory invalid) consisted 32 trials each. Again, participants performed both the control and the experimental conditions in separate blocks and the order of these blocks was counterbalanced over participants.
Procedure and stimuli
Procedure and stimuli were mostly identical to the one used in the previous experiment. However, at the beginning of the experiment, participants were now told that the visual cues would provide information about the location of the targets and that they should make use of this information. The auditory cue would provide no information about the location of the targets and therefore could be ignored.
Results
Control conditions
Outliers (in total 2.7%) were removed from further analysis. For the remaining trials, mean reaction times for the A similar ANOVA conducted on error data revealed no eVect, which indicates that there was no speed accuracy tradeoV.
Experimental conditions
Outliers (in total 2.3%) were removed from further analysis. For the remaining trials, mean reaction times for the correct response trials (93.0%) were calculated for each subject for each condition. The mean reaction times for each condition averaged over subjects are plotted A similar ANOVA conducted on error data revealed no eVects, which indicate that there was no speed accuracy tradeoV.
Discussion
The results of this experiment show no exogenous auditory cueing eVect when the auditory cue was presented together with an 80% valid visual cue. When comparing the current results to those of Experiment 1, it appears that the validity of the visual cue is an important factor determining the occurrence auditory capture. Interestingly, we do not know whether the same will hold for visual cueing. In other words, are we able to prevent visual capture when we are presenting a nonpredictive visual cue at the same time as highly predictive auditory cue. To test whether such symmetry in competition between modalities exist, we conducted a third experiment.
Experiment 3
Experiment 2 demonstrated that auditory capture does not occur when a predictive visual cue is presented at the same time as the auditory cue. In Experiment 3, we tested whether a predictive auditory cue could aVect visual capture. Therefore, the validity of the auditory cue was set at 80% while the validity of the visual cue now remained at chance level. Again, we used a within-subject design with a bimodal experimental and unimodal control condition.
Methods
Participants
Ten new students of the Vrije Universiteit Amsterdam (5 male, mean age 23.8, age between 18 and 44) participated in the experiment. All had normal or corrected-to-normal vision and normal hearing. Participants were informed beforehand about the experimental procedure and were naïve as to the purpose of the experiment.
Apparatus and design
The setup and design were basically the same to the one used in Experiment 2. However, this time, the auditory cue was valid in 80% of the trials while the visual cue was valid in 50% of the trials. Again, participants performed both the control and the experimental conditions in separate blocks and the order of these blocks was counterbalanced over participants.
Procedure and stimuli
Procedure and stimuli were basically the same as used in the previous experiments. However, at the beginning of the experiment, participants were now told that the auditory cues would provide information about the location of the targets and that the visual cue could be ignored.
Results
Control conditions
Outliers (in total 1.6%) were removed from further analysis. For the remaining trials, mean reaction times for the correct response trials (97.0%) were calculated for each condition. An ANOVA was performed on RT with cue validity (valid and invalid) and cue modality (auditory and visual) as factors. The outcome revealed a signiWcant eVect for cue validity [F(1,9) = 81.925, MSE = 187.567, p < 0.001] and for cue modality [F(1,9) = 120.885, MSE = 165.289, p < 0.001]. In addition, the results show an interaction between cue validity and cue modality [F(1,9) = 13.203, MSE = 98.433, p < 0.01] indicating a stronger cueing eVect for visual cues than for auditory cues. Two pairwise two-tailed t tests for the separate cue modalities were conducted. These results show a cueing eVect for both the visual (p < 0.001) and auditory (p < 0.001) cues.
A similar ANOVA conducted on error data revealed no eVects, which indicate that there was no speed accuracy tradeoV.
Experimental conditions
Outliers (in total 2.3%) were removed from further analysis. For the remaining trials, mean reaction times for the correct response trials (97.5%) were calculated for each subject for each condition. The mean reaction times for each condition averaged over subjects are plotted A similar ANOVA conducted on error data revealed an eVect for visual cueing [F(1,9) = 18.116, MSE = 0.000, p < 0.001] indicating that participants made more errors on invalid visual cueing trials (1.7%) than on valid trials (3.3%). The error data indicates that there was no speed accuracy tradeoV.
Discussion
The results show auditory as well as visual exogenous cueing eVects in both the unimodal control conditions and the bimodal experimental conditions. Additionally, the results show a trend for the interaction between visual and auditory cueing, which is illustrated in Fig. 4 . The current results suggest that a highly predictive auditory event cannot prevent visual capture. Because it was found in Experiment 2 that a predictive visual event is able to prevent auditory capture, we Wnd an asymmetry in how the visual and auditory modalities aVect one another. This asymmetry can most likely be attributed to the modality in which the task was performed. In all three experiments, participants performed a visual spatial discrimination task. They had to discriminate between a visual target event that was presented either above or below the vertical meridian. The fact that participants had to respond to visual target events made them possibly more sensitive towards the visual cues as well. This bias towards the detection of visual events might explain why visual capture seems to be less sensitive for crossmodal competition then auditory capture.
General discussion
There is debate in the cueing literature as to whether crossmodal auditory attentional capture is fully automatic. On the one hand, there are studies that have shown that endogenous focusing of visual attention does not aVect auditory capture (van der Lubbe and Postma 2005; Mazza et al. 2007; Koelewijn et al. 2009 ). On the other hand, Santangelo and Spence (2007) have recently shown that when visual attention is focused by means of an additional task auditory attentional capture ceases to exist. The current study investigated what happens to auditory capture when at the same time a peripheral visual event is presented. In Experiment 1, nonpredictive peripheral visual cue was presented to test whether bottom-up competition would aVect auditory capture. In Experiment 2, a predictive peripheral visual cue was presented to test whether making a cue more endogenous could explain the discrepancy between previous studies. Additionally, in Experiment 3, we tested whether a predictive auditory cue could prevent capture by a nonpredictive visual cue.
The results of the control condition of Experiment 1 replicated the Wndings of Spence and Driver (1997) by showing cueing eVects for both visual and auditory unimodal cues on a visual elevation judgement task. In addition, Experiment 1 showed visual and auditory cueing eVects when both auditory and visual cues were present in one trial. This means that auditory capture was not aVected by the nonpredictive visual event. Whereas in Experiment 1, all cues were nonpredictive, in Experiment 2, the visual cue was 80% valid but the auditory cue remained nonpredictive. Here, the results showed no auditory cueing eVect when the auditory and visual events co-occurred, while a clear unimodal auditory cueing eVect was still observed. These results indicate that capture of visual attention by means of an auditory event does not occur when a predictive peripheral visual event is presented at the same time. In Experiment 3, the auditory cue was 80% valid and the visual cue was nonpredictive. Here, the results show both auditory and visual cueing eVect. In other words, there seems to be an asymmetry in how vision and sound aVect one another.
The pattern of results observed in Experiment 2 is similar to those reported by Santangelo and Spence (2007) , in that both studies show that auditory capture of visual attention can be prevented. However, in the study by Santangelo and Spence (2007) , visual attention was focused by means of an RSVP stream presented at visual Wxation. The authors suggest that this RSVP stream induced high-perceptual load and that this load prevented auditory capture. In contrast, in the current study, visual events were simple onsets presented in the periphery and therefore unlikely to create a high perceptual load. Therefore, it seems that a high-perceptual load is not a prerequisite for suppression of auditory capture. Both the current results and the results by Santangelo and Spence (2007) suggest that auditory capture is not a fully automatic process.
It is interesting to compare the current results with those of Koelewijn et al. (2009) . In both studies, information about the probable location of the target was provided using top-down information. In addition, the auditory cues as well as the placeholders that were used to demarcate where target stimuli could occur were identical. Nevertheless, the outcome of both studies is fundamentally diVerent: whereas auditory capture was still observed when an arrowhead indicated the side where the target would occur with 100% accuracy, no capture occurred when the side was indicated by an 80% predictive peripheral visual cue. One explanation of the diVerence could be that a cue presented close to the target location results in a smaller attentional focus than a central arrowhead pointing towards a target location. However, the comparison of the results for valid, neutral and invalid cueing in Koelewijn et al. (2009) demonstrate that attentional beneWts disappear when a 100% valid arrowhead is used in combination with placeholders. Apparently, in that condition, there is already such a narrow focus that the additional (valid) auditory cue does not aVect performance anymore. Possibly the use of placeholders of similar size surrounding the target locations may also have contributed to this eVect. The fact remains that the endogenous system is not able to prevent for auditory capture towards an invalid target location. This suggests that it is not the size of the attentional focus that matters but whether the attentional system allows for an easy disengagement of attention. We suggest that it may be harder to disengage attention when the target location is cued by a predictive onset at target location then by a predictive arrowhead pointing towards target location. This may explain the discrepancy between the current results and those of (Koelewijn et al. 2009 ). The current results show that the presence of an 80% valid, localizable visual event prevents auditory capture. This type of events recruits both bottom-up and top-down resources. Top-down, because these cues were predictive and bottom-up, because there is a peripheral onset which is similar to the pure exogenous cues used in Experiment 1. The importance of this top-down or endogenous factor in suppressing auditory capture is evident when we compare the result of Experiments 1 and 2 where auditory capture is prevented only when the visual cue is predictive. This is so even though endogenous attention alone is not suYcient to suppress auditory capture (van der Lubbe and Postma 2005; Mazza et al. 2007; Koelewijn et al. 2009 ). Bottom-up or exogenous resources are drawn to the onset of the visual cue which is presented at target location. As shown by the results of Experiment 2, location of this cue is of high importance. As such, it may be that the concurrent activation of both the endogenous and exogenous attentional system results in the ability to prevent auditory capture.
The results of the current study are consistent with those of Santangelo and Spence (2007) that showed no capture when attention was focused by means of an RSVP stream. Santangelo and Spence (2008) argue that attentional capture by a peripheral onset does not occur under circumstances of high perceptual load. However, the current results show that high perceptual load is not a necessity in preventing attentional capture. It should be noted that in addition to generating high perceptual load the onset of each individual item in the RSVP stream could also draw on bottom-up attentional resources. In a recent study, Santangelo et al. (2008a) tested whether these onsets could explain their results, by replacing the RSVP stream by a central morphing shape. Because of the morphing, no abrupt visual onsets occur and therefore the shape should not draw exogenous attention. In addition, under these circumstances, no cueing eVect for visual peripheral events was observed. However, just as in similar to the RSVP stream most targets were presented within this morphing shape. Therefore, the morphing shape was inevitably presented at the most valid target location. The importance of this correspondence between cue and target location is something we also Wnd in the current study.
To conclude, the current results show that auditory capture of visual attention will not occur when a predictive peripheral visual event is presented at the same time. Therefore, it seems that both visual and auditory events compete for the same attentional resources. In order for attention to remain focused on the correct target location, a correspondence between cue and target location is of importance. Based on these outcomes, we conclude that attentional capture by sound is not a fully automatic process and can be prevented at an attentional level.
